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Adsorbing material comprised of porous functional 
solid incorporated in a polymer matrix 



The present invention relates to an adsorbing material having an 
enhanced water adsorption capacity which comprises at least one 
porous fimctional solid incorporated in a polymer matrix, par- 
ticularly selected from thennoplastics . It further relates to a 
shaped article which comprises or consists of the aforementioned 
adsorbing material, to a method for its preparation and to its 
use . 

Known examples of porous functional solids are zeolites, as well 
as other alumino- silicates with functional . properties , silica 
gels, silica-cogels as well as silica gels, silica-cogels which 
are coated or impregnated with or chemically bonded to functio- 
nal chemical coumpounds . Functional activities mean specific and 
unspecific adsorption and desorption of molecules which are 
useful for any gas and liquid drying, enrichment or purification 
in a broad variety of industries such as chemical, petrochemi- 
cal, gas and oil processing industries, fruit and beverage indu- 
stry. Furthermore, they are applicable as desiccajits and separa- 
ting agents for analysis, preparation and drying processes in 
the diagnostic, pharmaceutical, cosmetic, and nutrition industries. 
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Porous functional solids are further employed as catalysts. 

When these materials are provided as powders or as granulates 
which have a limited abrasion resistance and used in the form of 
5 fixed beds in bulk form on an industrial scale, dustlike abraded 
material obtained during operation impairs functioning of the 
process equipment. 

It is known in the art to encapsulate solid particles, e.g. by 
10 using blends of an organic polymer which undergoes heat hyste- 
resis during molding, e.g. polyethylene, and of a porous funct- 
ional solid, which thus can be molded into various articles, 
e.g. a film or pellets. The organic polymer imparts to the mol- 
ding composition certain plasticity, which in turn is a prere- 
15 quisite for the subsequent shaping process. 

US -A- 5 432 214 discloses a dehydrating plastics material compo- 
sition comprising, inter alia, 50 wt.% to 80 wt.% of one or more 
thermoplastic or thermosetting polymers and 20 to 50 wt.% of 
one or more dehydration agents which are preferably selected 
5 from silica gels and molecular sieves. When the polymer compo- 
nent of these mixtures is constituted by one or more thermopla- 
stic polymer, transformation into solid structures of various 
shapes, e.g. hollow cylinders or plates, is preferably performed 
by extrusion. It is a disadvantage of this filled dehydrating 

10 plastics material that the amount of the polymer is relatively 
high (not less than 50 wt.%), whereas the amoimt of the dehy- 
dration agent is relatively low (not more than 50 wt.%) . which 
results in a thick polymer film between the particles of the 
porous fvmctional solid. The absorbing properties are therefore 

15 mainly determined by the water permeability of the polymer. 

WO-A-9633108 discloses a container having desiccating abilities. 
The container comprises, inter alia, an insert formed from a 
desiccant entrained thermoplastic. The concentration of desic- 
20 cant entrained within the insert may exeed 75%, but typically 
falls within a range of 40 to 75 wt.% desiccant to thermopla- 
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Stic. Although such concentrations ax& considered to be high 
concentrations in the field of filled thermoplastics, the absor- 
bing properties are still limited by the plastics matrix encap- 
sulating the desiccant particles. 

5 

A series of US-Patents all to Hekal et al., e.g. US 6,174,952 
Bl, US 6,194,079 Bl, and US 6,214,255 Bl, discloses monolithic 
compositions comprising a water- insoluble polymer, a hydrophilic 
agent and an absorbing material. In one embodiment, an absorbing 

10 material entrained polymer is formed which is useful in the 
manufacture of containers and packaging for items requiring 
controlled environments. When the product is solidified, the 
hydrophilic agent forms interconnecting channels through which a 
desired composition is communicable to the water- absorbing mate- 

15 rial. These materials have the disadvantage that the adsorbate 
has to pass through the inner connecting channels composed of the 
hydrophilic agent in order to reach the absorbing material. This 
impairs water adsorption kinetics as compared to the single use 
of the absorbing material. 

20 

Furthermore, the moisture uptake of the aforementioned polymer- 
based materials do not fulfill the requirements in applications 
such as pressvire swing or thermal swing adsorbtion and vacuum 
adsorption. A further disadvantage of these materials is that 
25 they cannot be regenerated after completed loading. 

It is generally known in the art that desirable characteristics 
such as durability and resistance to breakage of blends based on 
organic polymers filled with ftinctional solid components tend to 
30 decrease at very high concentrations of the solid. 

Another approach is to produce shaped articles from a reaction 
mixture which comprises zeolite, plasticizing agent and inor- 
ganic binders, i.e. siloxanes, as disclosed in WO-A- 9949964 . 
35 Such materials have a relatively high content of the zeolite, 
i.e. 40 to 90 wt.% (relative to the reaction mixture used for 
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the production of the shaped bodies) and exhibit good water 
adsorption kinetics. However, cross-linking of the silicone 
matrix requires a sensitive temperature control of the reaction 
mixture. Calcining both at too high and too low temperatures can 
5 result in an insuffient compressive strength of the shaped arti- 
cles. Whereas the use of thermoplastics or thermosetting mate- 
rials allows a faster and safer reaching of the "green stabili- 
ty" prior to further process steps such as conveying and finis- 
hing by simply cooling down of the green body, inorganic boTond 
10 fresh extrudates require a sensitive drying step. During this 
drying inorganic hoxmd extrudates tend to shrink by up to 15% 
causing problems regarding shape fidelity. In many cases this 
shrinking causes breakage leading to \macceptable scrap rates. 

15 Shaped articles made of organic polymers highly filled with 
porous functional solids which have equal water adsorption kine- 
tics and compressive strengths than the materials produced from 
zeolite, plasticizing agent and inorganic binder are not yet 
commercially available. 

20 

The object of the present invention is therefore to provide an 
adsorbing material based on a polymer and a porous functional 
solid which has adsorption kinetics and compressive strengths 
comparable with materials produced from an inorganic binder and 
25 which can be regenerated after coti^leted loading. 

This object ,is achieved by an adsorbing material comprising at 
least one porous f\inctional solid incorporated in a polymer 
matrix, said adsorbing material containing the porous functional 
30 solid in an amount of from 45 to 80 wt.% (relative to the weight 
of the finished and activated adsorbing material) and said poly- 
mer matrix comprising at least one organic polymer and having a 
secondary pore volume in addition to the primary pore volume of 
the porous f\anctional solid. 

35 
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The invention also provides a shaped article which comprises or 
consists of the adsorbing material according to the invention 
and a method for preparing such a shaped article. 

5 The invention further is concerned with various uses of the 
shaped article, e.g. for drying, conditioning, p\irifying and 
separating gases, liquids and vapors. 

Finally, the invention relates to the use of a removable rheo- 
10 logical additive as a pore forming agent in the preparation of 
an adsorbing material comprising at least one porous functional 
solid incorporated in a polymer matrix comprising at least one 
organic polymer or in the preparation of a shaped article com- 
prising or consisting of said adsorbing material. 

15 

Surprisingly, it has been discovered that adsorbing materials 
having a high concentration of porous functional solid (e.g. a 
zeolite) incorporated in a polymer matrix with an open pore 
structure have better adsorption kinetics compared with polymer- 

20 based materials known in the art. It is assxamed that the porous 
structure of the polymer matrix facilitates transportation of 
the adsorbate, say water or gas molecules, and that adsorption 
properties are not so much influenced by the permeability of the 
polymer used. The extent of the seconday pore volume of the 

25 polymer matrix can also be adjusted easily, so that adsorbing 
materials are obtainable for applications where slow or fast ad- 
sorption kinetics are desired. 

The adsorbing material according to the invention comprises at 
30 least one porous fiinctional solid. Preferred porous functional 
solids are adsorbing agents, e.g. having gas-adsorbing or desic- 
cating characteristics, which are particularly selected from 
amorphous and crystalline inorganic oxides, alkaline (Me*) and 
earth alkaline (Me**) alvunin\am silicates, solid solutions there- 
35 of , Me* and Me** aluminTim silicates, wherein the Me* and Me'* are 
partly substituted with any suitable metal ion selected from 
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transition elements, elements of the groups IIIA, IVA, VA and 
VIA of the periodic table and any combination thereof, solid 
solutions thereof, aluminum phosphates. Me* and Me^* aluminvtm 
phosphates, solid solutions thereof. Me* and Me^* aluminum phos- 
5 phates, wherein Me* and Me^* are partly substituted with any sui- 
table metal ion selected from transition elements, elements of 
the groups IIIA, IVA, VA and VIA of the periodic table and any 
combination thereof, solid solutions thereof, activated carbon 
and any combination of the aforementioned types of adsorbing 

10 agents. It is further preferred that the adsorbing agents are 
selected from framework silicates (as disclosed in Deer, Howie & 
Zussmaxir The Rock Foirming Minerals, 2^ Edition, Longman Scien- 
tific & Technical, Harlow, Essex, England, 1993) , compositions 
with structures iso-type, respectively, iso-moarphous to the 

15 aforementioned framework silicates, fly ash, pillared layered 
clays, amorphous and crystalline aluminum phosphates, silica 
gels, silica-cogels, amorphous alumina, amorphous titania, amor- 
phous zirconia, activated carbon, and any combination thereof, 
but zeolites of the groups 1, 2, 3, 4, 5, 6 and 7 (according to 

20 Donald W. Brack, Zeolite Molecular Sieves, J^obert E. Krieger, 
Ptd>lishing Company, Malabar, Florida, 1984) , compositions with 
structures iso-type, respectively, iso-morphous to the aforemen- 
tioned types of zeolites, silica gels, silica-cogels and any 
combination thereof being particularly preferred. The term "iso- 

25 type" and "iso-morphous" respectively are defined in R.C. Evans, 
An Introduction to Crystal Chemistry, 2^"^ Edition, Cambridge 
University Px^ss, London, 1966. Silica gels are the most prefer- 
red amorphous inorganic oxides. Among the crystalline inorganic 
oxides, zeolites of the groups 1, 2, 3, 4, 5, 6 and 7, composi- 

3 0 tions with structures iso-type, respectively, iso-morphous to 
the aforementioned types of zeolites or any mixture of these are 
preferred. Even more preferred examples of the aforementioned 
types of zeolites include members of the zeolite A family (e.g. 
3A, 4A, 5A) , zeolite X family, zeolite Y family (e.g. USY ultra- 

35 stable Y, DAY de-aluminated Y) , zeolite ZSM-5 including pure and 
doped Silicalite, Chabazite, ZSM-11, MCM-22, MCM-41, members of 
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the alxaminum phosphate family, compositions with structiires iso- 
type, respectively, iso-morphous to the aforementioned types of 
zeolites, and any combination of these • Members of the zeolite 
families A, X and Y are most preferred. 

5 • 

It will be apparent to those skilled in the art that the above- 
mentioned porous functional solids can also be coated or impreg- 
nated with and/or chemically bonded to functional chemical com- 
poTonds . 

10 

The amount of the porous functional solid is generally 45 to 80 
wt.%, preferably 60 to 78 wt.% and more preferably 65 to 75 wt,% 
(relative to the total weight of the finished and activated 
adsorbing material) . 

15 

In the adsorbing material according to the present invention at 
least one porous functional solid is incorporated in a polymer 
matrix, which comprises at least one organic polymer. Although 
any customary organic polymer which is compatible with the po- 

20 rous functional solid can be used, the organic polymer is prefe- 
rably selected from thermoplastics. Preferred thermoplastics are 
selected from polyolefin (e.g. polyethylene or polypropylene), 
polystyrene, polyamide, polyamide imide, polyester, polyester 
amide, polycarbonate, ethylene -me thacry late copolymer, poly- 

25 acrylic ester, polyacrylic acid, polyacetale, polyether sulpho- 
ne, polyether ketone, polysulphone , polyethylene terephthalate , 
polybutylene^. terephthalate, liquid crystal polymer (LCP) and any 
combination thereof. Polyamide, polyether sulphone, polyolefin, 
polyamide imide, polyethylene terephthalate or any combination 

3 0 thereof are even more preferred. When the thermoplastic is a po- 
lyamide, it will preferably be a polyamide 66, polyamide 66/6, 
polyamide 46 or any combination thereof. Polyamide 66 is most 
preferred. 

35 It is not necessary for the instant invention to select a poly- 
mer having a high permeability to the adsorbate, e.g. water, in 
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order to obtain good adsorption kinetics. It will nevertheless 
be understood by those skilled in the art that polymers which 
exhibit good permeabilities towards the adsorbates advantageous- 
ly affect the adsorption kinetics of the resulting adsorbing 
5 material. 

Furthermore, the organic polymer can also be selected from one 
or more thermosetting polymers and/ or one or more elastomers. In 
some instances, it is even possible that the polymer matrix is 
10 substantially composed of thezmosetting polymers and/or of ela- 
stomers, A thermosetting polymer may e.g. be obtained by curing 
miscellaneous thermosetting resins such as, for example, epoxide 
and phenol /formaldehyde resins. 

15 The amount of the organic polymer is generally 20 to 55 wt.% 
preferably 22 to 40 wt.% and more preferably 25 to 35 wt.% (re- 
lative to the total weight of the finished and activated adsor- 
bing material) . 

20 In general, the organic polymers useful for the adsorbing mate- 
rial according to the invention must be low- viscous in order to 
be able to encapsulate a high load of the porous functional so- 
lid. Another requirement is that the organic polymer possesses a 
high thermal stability, so that it does not decompose during the 

25 activiation step of the green bodies. Preferred organic polymers 
have the following properties: 

the decomposition temperature is 180 to 450«C, more prefe- 
rably 230 to 400^C and yet more preferably 250 to 380°C 
30 provided that the orgsuiic polymer is subjected to the heat 

treatment at said decomposition temperat\ires for a duration 
of at least Ih, preferably Ih to 36h; and/or 

the melting temperature is 100 to 390^0, more preferably 
35 180 to 300OC and yet more preferably 220 to 2700C; 
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The adsorbing material according to the invention may fiirther 
contain avixiliary agents, e.g. plastizicing enforcements agents, 
such as mineral oils, synthetic oils (e.g. silicon oils), natu- 
ral waxes (e.g. paraffins), synthetic waxes, semi- synthetic 
5 waxes, and any mixture thereof. The amount of auxiliary agents 
in the adsorbing material is generally less than 20 wt.% (re- 
lative to the total weight of the finished and activated adsor- 
bing material) . Such auxiliary agents are added to the compoxmd 
used in the manufacturing process of said material and are remo- 
10 ved partly or completely in the manufacture. 

The polymer matrix of the adsorbing material according to the 
invention wherein the porous functional solid is incorporated 
has a secondary pore volume. The latter is in addition to the 

15 primary pore vclvmie of the porous functional solid. The seconda- 
ry pore volume, i.e. the additional pore stinicture of the poly- 
mer matrix, is given by the pore volume and the pore size dis- 
tribution as both determined by mercury intrusion measurements, 
where the amount of merciory intruded into the pores tinder vary- 

20 ing pressures is a meas\ire for both the pore volume and the pore 
size distribution in the polymer matrix accessible for the ad- 
sorbates, e.g. using a Micromeritics Autopore 9405 executing a 
standard protocol for the evaluation of meso- and macro pores. 
Advantageously, the secondary pore voliime may be varied broadly, 

25 e.g. with respect to the amount and diameter of the pores, and 
can be affected by a number of parameters, which will be discus- 
sed later in connection with the method of the present inven- 
tion. Typical secondary pore volumes are in the range of 0.1 to 
0.6 ml/g. The corresponding secondary pore diameters are in the 

30 range of 4nm to 3000 nm. The open pore structiire of the polymer 
matrix enhances the transport of an adsorbate (e.g. water or gas 
molecules) to the interface with the porous functional solid 
(e.g. a zeolite), which allows an easy and quick mass transfer 
to and from said solid. In contrast, typical primary pore volu- 

35 mes of the porous f%mctional solid are in the range of 0.3 ml/g 
to 10 ml/g, and the corresponding primary pore diameters are in 
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the range of 0.3 run to 10 nm. Such narrow pores are only detec- 
tcJDle by methods other than merctiry intrusion measxirements , e.g. 
by gas adsorption methods (BET) , using measurement systems such 
as Micromeritics ASAP 2400 with a protocol for measuring micro 
5 to meso pores. 

The shaped article which comprises or consists of the adsorbing 
material according to the invention may have any suitable geome- 
try, such as a tube, a cylinder, a bead, a tablet, a ring, a 

10 sheet or the like. Preferably, it has a honey-combed geometry. 
Honey-combed articles with a high cell density have an extremely 
large surface area compared with other shaped articles, for 
example in the form of sheets, as a result of which the cataly- 
tic and adsorptive properties, in particular the adsorption 

15 kinetics, are drastically improved. Finally, the chosen shape 
may also be determined by the designation of the desiccant. In 
case of fast kinetics honeycomb structures are preferred. In 
case of a high equilibrium capacity denser structures such as 
bars, cylinders, rods, tablets, beads, sheets or any other geo- 

20 metry as achievable with shaping and moulding equipment as known 
in polymer technology are useful. 

The adsorbing material or the shaped article according to the 
invention both exhibit excellent water adsorption kinetics and 
25 mechanical properties, which has not yet been achieved by dehy- 
drating plastic materials, even if they are highly filled with a 
porous functional solid. 

Preferably, the equilibrium water adsorption capacity as measu- 
30 red in a climate cabinet at a relative humidity of 80% and at a 
temperature of as^C relative to the weight of the finished and 
activated absorbing material or shaped article is from 18 wt.% 
to more than 22 wt.% and more preferably from 19 wt.% to more 
than 21 wt.%. The equilibrium load can be achieved within pe- 
35 riods ranging from fractions of an hour up to several days, 
depending on process temperature, partial pressure of the adsor- 
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bate and the shape of the desiccant body. Honeycomb structxires 
exhibit the fastest kinetic, cylinders and spheres the slowest. 
For other types of desiccants different values are achieved 
according to their specific equilibrixim capacities. 

5 

The shaped articles according to the invention preferably have a 
compressive strength of 150 N/mm' or higher, more preferably 80 
N/mm' or higher and yet more preferably 50 N/mm' or higher as 
measured by tensile/compressive testing machine model 1455 from 
10 Zwick with a 20 kN gauge from Zwick and a piston displacement 
rate of 1 mm/min. 

The method according to the invention for preparing the shaped 
article comprises the following steps: 

15 

a) forming a compound comprising at least one porous functio- 
nal solid, at least one organic polymer and at least one 
removable rheological additive; 

20 b) shaping said compovtnd into a green body; 

c) substantially or at least partially removing said rheologi- 
cal additive from the green body; and 

25 d) optionally activating the green body obtained from step c) 
at a tempera txire of at least SO^C. 

The porous functional solids and the organic polymers used in 
the mixture of step a) are those already discussed in connection 
30 with the adsorbing material according to the invention. 

The function of the organic polymer ' is that of a host material 
(polymer matrix) which encapsulates the porous functional solid. 
The organic polymer also allows providing a processible blend 
35 with the porous functional solid, which can be shaped into a 
broad variety of articles. 
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The compoiand of step a) further contains at least one removable 
rheological additive which simultaneously serves as pore. forming 
agent as will be described in more detail below in connection 
with step c) . In a preferred embodiment the removable rheologi- 
5 cal additive is selected from waxy components and/or oils. In 
general, any customary waxy component which is compatible with 
the organic polymer used can be employed, being preferably se- 
lected from natural waxes (e.g. beeswax, paraffin waxes), semi- 
synthetic waxes (e.g. montan waxes), synthetic waxes (e.g. po- 

10 lyolef in waxes, ethylene -vinyl acetate copolymer, ethylene -vinyl 
alcohol, polyolefin glycols, amide wax), modified, oxidized or 
microcrystalline forms of the aforementioned waxes and any com- 
bination of these. According to a preferred embodiment the waxy 
component comprises at least one nonpolar and at least one polar 

15 waxy component. Preferred examples of nonpolar waxy coit^onents 
are polyolefin waxes and paraffin waxes. Among the polar waxy 
components polyethylene glycols, oxidized polyolefin waxes, 
ethylene -vinyl acetate copolymer, ethylene- vinyl alcohol and any 
combination of these are preferred. Suitable oils include mine- 

20 ral oils, synthetic oils (e.g. silicon oils) or any combination 
thereof , 

It is particularly advantageous for the method according to the 
present invention that the removable rheological additive, e.g. 

25 a waxy component, has a lower evaporation and/or decomposition 
temperature than the organic polymer used for the polymer ma- 
trix. Preferred evaporation and/ or decomposition temperatures of 
the removable rheological additive are from 14G°C to 300°C, 
preferably from I60oc to 240'>C and more preferably from 180°C to 

30 220 °C provided that the removable rheological additive is sub- 
jected to the heat treatment at said evaporation and/or decompo- 
sition tempera t\ires for a duration of at least Ih, preferably Ih 
to 36h. 

35 For example, suitable polyolefin waxes have one or more of the 
following properties: a molecular weight of 3000 g/mol to 20000 
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g/mol, viscosities of 20 mPas to 10000 mPas, drop points of 50«»C 
to 160 "C, and evaporation and/or decomposition temperatures of 
140*»C to 280<»C. Suitcdsle polyethylene glycols have one or more 
of the following properties: a molecular weight of 10000 g/mol 
5 to 30000 g/mol, viscosities of 300 mPas to 10000 mPas, drop 
points of 50«C to 160«»C, and evaporation and/or decomposition 
temperatures of 140«»C to 280<'C. 

The removable rheological additive used in the method according 
10 to the invention also serves as liabricant, which is added to 
influence the rheological properties of a molding composition. 
In order to achieve a \iniform distribution, the latter disadvan- 
tageously requires a high introduction of shear and hence long 
kneading times in the production process. It was totally surpri- 
15 sing that certain rheological additives can be used as pore for- 
ming agents when they are removed from the resulting shaped 
article by suitable methods and hence generate an open pore 
structure in the hosting organic polymer. 

20 Preferable amoxants of the above-mentioned components in the 
compound of step a) used for the preparation of the shaped arti- 
cle according to the invention, which can be selected indepen- 
dently of one another, are as follows each relative to the total 
weight of the compound: 

25 

- 40 to 70 wt.%, more preferably 55 to 68 wt.% and yet more 
preferably 60 to 65 wt.% porous f\xnctional solid; 

- 20 to 50 wt.%, more preferably 20 to 35 wt.% and yet more 
30 preferably 20 to 25 wt.% orgcuiic polymer; and 

- 0.5 to 25 wt.%, more preferably 5 to 20 wt.% and yet more 
preferably 10 to 15 wt.% removable rheological additive. 

35 Optionally, the compound in step a) further contains auxiliary 
agents, e.g. chemical blowing agent, starch and methylcellulose . 
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The amount of auxiliary agents is preferably 0 to 5 wt.% relati- 
ve to the total weight of the compoTind. 

The term "forming a compound" covers the combining of the afore- 
5 mentioned components of the compovmd in any order and optionally 
the subsequent homogenizing. The temperatvire applied in step a) 
depends on the melting point of the matrix polymer. In case of 
mixtxires of two or more polymers the melting temperature of the 
highest melting polymer is to be used. 

10 

In a possible further step the porous functional solid may be 
fvmctionalized by impregnating, coating and/ or coupling suitable 
chemical compounds onto the corresponding inner pore surfaces. 

15 In step b) the above-mentioned compound is shaped into a green 
body. Although any shaping techniques as known from both the 
ceramic and the polymer processing industries can be employed, 
shaping is preferably performed by extrusion or injection moul- 
ding. The extrusion can be carried out in a single- or twin- 

20 screw extruder or less preferred in a ram extruder. Injection 
molding may sequentially comprise steps a) and b) , or in a sing- 
le stage process applying an injection molding compounder. 

Step a) and step b) of the method according to the invention are 
25 preferably carried out continuously. This continuous procedure, 
i.e. forming a compound of the individual recipe components and 
shaping of t,he molding composition can take place in one step. 
It can be carried out, for example, using a co-rotating twin- 
screw-extruder. In this concept, the densely combining co-rota- 
30 ting twin-screw-extruder fimctions simultaneously as mixing Tonit 
and pressure generator for extrusion of the extrudates . In the 
case of components present in powder or granulate form (e.g. 
organic polymer, removable rheological additive and porous func- 
tional solid) , the individvial components of the compound are 
35 added to the process by a gravimetric feeder. In case of liquid 
additives a dosage pump has to be attached to the compounding 
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zone, in an appropriate manner, the solid components are dried 
prior to compounding in order to avoid any downstream process 
raalf\mction. Continuous production of the shaped articles by the 
method according to the invention considerably increases the 
5 profitability of the overall process. This avoids adding the 
compound of step a) to an extruder in an additional step. Fur- 
thermore, the molding material already comprising the organic 
polymer and the porous functional solid does not have to be 
granulated and melted again in a single-screw-extruder. These 
10 additional steps are ejqpensive and, under certain circumstances, 
may lead to water contamination of the compound resulting into 
changes of the rheological properties of the compound (storage 
time) . 

15 In step c) of the method according to the invention the rheolo- 
gical additive is substantially or at least partially removed 
from the green body. This process step generates meso- and ma- 
cro-pores and transforms the former dense blend comprising a 
polymer, a porous functional solid and a rheological additive 

20 into a highly porous system with the desired pore structures of 
the functional solids and an open pore structure of the polymer 
matrix. This enables an easier and quicker mass transfer to and. 
from the porous functional solid in comparison to polymer-based 
materials known in the art. Consequently, the rheological ad- 

25 ditive simultaneously serves as pore forming agent, which ad- 
justs the porous structure of the polymer host. The use of such 
pore forming- agents by amount and chemical nature allows cove- 
ring a broad variety of meso- and macro-pores in the hosting 
polymer . 

30 

The rheological additive is preferably removed by heat treat- 
ment, e.g in atmosphere, under an inert gas blanket or under 
vacuum, extraction, particularly solvent extraction, and any 
combination thereof. The rheological additive, i.e. the pore 
35 forming agent, is added to the compound of step a) in relatively 
large amounts. It is preferred that it evaporates and/or decom- 
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poses more easily, e.g. by heat, than the organic polymer during 
steps a) and b) of the method according to the invention. In 
such a case the rheological additive is preferably removed from 
the green body by heat treatment. It will be understood by those 
5 skilled in the art that the temperature and duration of the heat 
treatment depends upon a number of parameters, e.g. the type of 
the rheological additive and the organic polymer as well as the 
geometry of the shaped article. A preferred heat treatment, 
however, is carried out at temperatures of 140«C to 300oc, more 
10 preferably from 160 •'C to 240 »C and yet more preferably from 
18 CC to 220 «»C. Preferred heat treatment periods are from 1 h to 
36 h, more preferably 8 h to 24 h and yet more preferably 12 h 
to 24 h. 

15 If pore formation is achieved by evaporation and/or decomposi- 
tion of the removable rheological additive, there must be a 
sufficient difference between the evaporation and/or decomposi- 
tion temperatures of the removable rheological additives and of 
the organic polymer, i.e. the evaporation and/or decomposition 

20 temperature of the rheological additive must be sufficiently 
lower to avoid evaporation and/or decomposition of the organic 
polymer. The evaporation and/ or decomposition of the rheological 
additive preferably takes place at a low rate of heating, so 
that the exothermal oxidation reaction runs slowly. This is 

25 intended to avoid an impairment of the organic polymer caused by 
a violent temperatoore increase. 

r 

In cases where the rheological additives have a similar thermal 
stability compared with the organic polymer, it is necessary to 

30 remove said rheological additive by other methods than heat 
treatment while extraction, particularly solvent extraction, 
being preferred. Suitable extracting solvent or a mixture of 
extracting solvents, the temperatiire and dxiration of extraction 
depend upon, inter alia, the specific combination of the organic 

35 polymer and the removable rheological additive as well as upon 
the geometry of the green body. Proper choice of said combina- 
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tion is particularly important for the instant invention, becau- 
se the organic polymer and the rheological additive must not be 
removed simultaneously from the green body. Suitable combina- 
tions, e.g. comprising polyamide 66, polyolefin waxes and poly- 
5 ethylene glycols, are later discussed in the examples. 

If waxy components are used as the removable rheological additi- 
ve in the method according to the invention, pore formation can 
preferably be achieved by solvent extraction of the aforementio- 
10 ned polar waxy components . In principle non-polar waxy component 
can be extracted, too, but the non-polar solvents suitable for 
their extraction are more difficult to handle than polar sol- 
vents used for the extraction of polar waxy components. Examples 
of preferred polar extracting solvents are water, Ci to Cg alco- 
15 hols (e.g. ethanol), C3 to C, ketones (e.g. acetone) and any 
combination thereof. Preferred non-polar extracting solvents are 
Cs to C12 hydrocarbons and aromatics (e.g. xylene) and any com- 
bination thereof. In some instances of the present invention, it 
may be advantageous that the extracting solvent further compri- 
20 ses at least one emulsifier, preferably selected from surfac- 
tants (e.g. alkyl emulsifier, aromatic emulsifier) separated in 
anionic-, cationic, non- ionic emulsifiers with lipophilic, hy- 
drophilic end or intermediate groups. In a further preferred 
embodiment, solvent extraction is optionally supported by ul- 
25 trasonic treatment. Preferably, solvent extraction is carried 
out at temperatures of 20<>C to 1200C, more preferably from 50 °C 
to 90OC and, yet more preferably from SQOC to 80°C. Preferred 
extraction periods are from 1 h to 36 h, more preferably 8 h to 
24 h and yet more preferably 12 h to 24h. 

30 

Generally, the green body obtained from step c) is already acti- 
vated after heat treatment, but may optionally be activated at a 
temperature of at least SO^C in a further step d) , preferably at 
temperatures of SO-C to 240OC. Preferred activation periods are 
35 from 2 h to 8 h. For example, activation can be carried out at 
atmosphere, at dry gas atmosphere, under an inert gas blanket. 
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or under vacuum. When pore formation is only achieved by measu- 
res other than by heat treatment, e.g. by extraction, activation 
of the green body obtained from step c) is obligatory. Optimal- 
ly, the green body is then activated at temperatures from 90 
5 to' 240 "C, preferably from 90 to 220OC and more preferably 
from 160 to 220-C, e.g. at atmosphere, at dry gas atmosphere, 
under an inert gas blanket, or under vacuum. In such a case, 
preferred activation periods are from 1 h to 8 h, more prefe- 
rably from 1 h to 6 h and yet more preferably from 1 h to 4 h. 

10 

Furthermore, the invention relates to the use of the shaped 
articles according to the invention for drying, conditioning, 
purifying and separating gases, liquids and vapors. Shaped arti- 
cles used in such a way can be regenerated either by alternating 
15 pressure processes, heat treatment or cleaning with solvents and 
siabsequent drying . 

The shaped articles according to the invention can be used, for 
example, for gas drying, separation, and purification. The gases 

20 can be compressed and non- compressed. Fixed beds made up by the 
shaped articles according to the invention are positioned in at 
least two or more adsorber vessels. At least one adsorber vessel 
is in the adsorption mode whereas simultaneously at least one 
other adsorption .vessel is in the desorption mode. This scheme 

25 is applicable for temperat^lre swing, pressure swing and vacuum 
swing adsorption. 

The shaped articles according to the invention can be used, for 
example, in order to build a RotoAdsorber (adsorption wheel) for 
30 gas conditioning. The regeneration is executed using hot purge 
gas (tetr^erat\ire swing adsorption) - 

The shaped articles can likewise be used for drying compressed 
air. The moisture entering the compressed air system with fresh 
35 air condenses during compression/decompression and can impair 
functioning of the system due to STobsequent corrosion. By in- 
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corporating the shaped articles according to the invention as an 
adsorbent, the water can thus be removed from air-brake system, 
pneumatic drives and controls. A corrosion can therefore be 
suppressed. 

5 

The shaped articles according to the invention can f\irthermore 
be used for refrigerant drying in both CFC-based and CFC-free 
refrigeration units . Since the moisture pick up capacity of the 
shaped articles according to the invention allows a lifetime of 
10 15 years and beyond, no regeneration of the shaped article ac- 
cording to the invention is necessairy. 

The shaped articles according to the invention can also be used 
as desiccants for pharmaceutical and nutrition packaging, such 
15 as bottle stoppers and as desiccants for cartridges and boxes 
containing diagnostics . 

The shaped articles according to the invention can also be used 
for desulfurization (suppression of smell) of liquid hydrocar- 
20 bons as spray can propellant gas (e.g. butane) . Regeneration is 
irrelevant here. 

A further application of the shaped articles according to the 
invention is to be seen in air separation units, in which nitro- 
25 gen adsorbed and enrichment of oxygen, e.g. of respiratory air, 
takes place as a result. Regeneration can be carried out by 
heat . 

Furthearmore , the shaped articles according to the invention may 
30 be used in air-conditioning units. In these, the adsorption and 
de- sorption enthalpies in combination with evaporation and con- 
densation enthalpies are utilized to generate heat or to cool. 

The shaped articles according to the invention can be used for 
35 purifying hydrogen as used in fuel cells. The methanol reforma- 
tion generates hydrogen and byproducts such as CH4, H2O, CO, and 
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CO2. These byproducts are iindesired since they either act as 
electrode poison or dilute the energy density of the hydrogen. 
These byproducts can be removed applying pressure/ vacuum swing 
adsorption. 

5 

The shaped articles according to the invention can be employed 
as ion exchangers in water- softening units, in which the desired 
effect is achieved by a calci\xm-sodixim exchange. 

10 The following examples illustrate the present invention. If not 
otherwise indicated, all percentages relate to weight. 
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Examples 

The present invention describes a desiccant bound in a porous 
5 polymer matrix with a secondary pore structure additional to 
primary pore structvire of the porous functional solid. 

AS examples 4A- zeolite powders, SP 7-8968 from W.R. Grace, were 
compounded with polyamide 66 (Ultramid A3SK, BASF AG) as polymer 

10 matrix with good water permeability and temperature stability, 
and- wax mixtures consisting of polyolefins and polyethylen gly- 
cols (Licomont TP EK 583 and Polyglykol 20000, Clariant) , as 
removable rheological additives. In total five compounds with 
varying concentrations have been prepared and evaluated. Table 

15 1. depicts these five different compo\mds made of the 
aforementioned components . 

Table 1: Recipes before und after de-waxing. 



20 


Ex. 


. Zeolite 


Ultramid 


Licomont 


Polyglykol 


Max. zeolite 




No. 


4A 


A3SK 


TP EK 583 


20000 


content after 






[wt%] 


[wt%] 


[wt%] 


twt%] 


de- waxing 
[wt%l 




1 


63 .2 


26.3 


10.5 




70.6 




2 


64.5 


24.7 


10.8 




72 .3 




3 


68.4 


20 .2 


11.4 




77.2 


25 


4 


63 .2 . 


21.1 


10.5 


5.2 


75 




5 


65.0 


20.0 


10.0 


5.0 


76.5 



In Table 1 the coliimns 2 to 5 refer to the compounds prior to 
shaping, whereas the zeolite contents as given in column 6 refer 
30 to the shaped and • activated articles. 

Each single recipe component was processed in dry conditions in 
order to prevent malfunctions in the downstream process. The 
compounding was executed in a co-rotating twin- screw- extruder 
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ZSK 25 from Coperion Werner & Pfleiderer with 250 1/min screw 
speed and a cylinder cabinet temperature of 275«'C. The granulate 
achieved by extrusion was milled and formed to standardized test 
sheets using a pilot plant press from Dr. Collin GmbH. The test 
5 sheets were pressed with a pressure of 220 bar and at a tempera- 
t\ire of 280 «C. The aforementioned test sheets were 2.5 mm thick, 
12.7 mm wide and 63 mm long. 

Pig. 1 shows decomposition curves of the applied polyamide 66 
10 (Ultramid A3SK) and wax (Licomont TP EK 583) in dependence of 
the temperature, determined by temperature gravimetric analysis. 
The decomposition of the wax Licomont TP EK 583, which consists 
of a polyolefin wax/polyether glycol wax mixture, started at a 
significant lower temperature than the polyamide 66. This tem- 
15 perature window ranging from 180 °C to 260''C was used to generate 
pores in the polyamide 66 matrix. 

In the de-waxing step, a combination of extraction and heat 
treatment was applied. The aforementioned test sheets were pro- 
20 cessed for 24 h at 80 «C in an ultrasonic bath with ethanol as 
extracting solvent. Subsequently, the test sheets were thermally 
treated for 4 h at 220 «C in a furnace. No further activation of 
the test sheets was carried out. 

25 Figs. 2 and 3 show the secondary pore volumes and pore size 
distributions of two of the test sheets produced above (Ex. No. 
1 and No. 5, in Table 1.) . The secondary pore volumes and pore 
size distributions were determined by mercury intrusion measure- 
ments using a Micromeritics Autopore 9405 executing a standard 

30 protocol for the evaluation of meso- and macro pores. It can be 
seen that the high wax content of the compound used for the 
preparation of the test sheet of Ex. No. 5 corresponds to a sig- 
nificantly higher cumulative pore volume and slightly broader 
pore size distribution. In contrast, when the compound with a 

35 lower wax content was used (preparation of the test sheet of Ex. 
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No. 1), a lower cxxmulative pore volvune and a narrower pore size 
distribution were obtained. 

Pig. 4 shows the time dependent water adsorption curves of the 
5 aforementioned test sheets made after recipes Ex. No. 1 to No. 5. 
The test sheets with the higher cumulative secondary pore volxome 
(e.g. Ex. NO. 5) have a better water adsorption kinetic than 
those with the lower cumulative pore volume (e.g. Ex. No. 1), 
indicating that the secondary pore structure acts as transport 
10 system. Ex. No. 4 and 5 additionally using Polyglykol 20000 show 
the best kinetics and the best short term water adsorption capa- 
cities. The fact that for all 5 recipes the equilibrium capacity 
after 24 h was about the same may be attributed to the additi- 
onal water adsorption capability of polyamide 66. 

15 

Fig. 5 displays the impact strengths of untreated and activated 
test sheets made from recipes Ex. No. 1 to 5. It is demonstrated 
that the untreated sheets show a significantly higher mechanical 
stability than the treated ones. The decrease of strengths of 

20 sheets according to recipes Ex. No. 1 to No. 5 correlate to a 
decrease in polyamide 66 and an increase in wax concentrations. 
The activated test sheets showed impact strength values from 660 
j/m» to 1060 J/m'. The mechanical stability is strongly corre- 
lated to the porosity as introduced by the de-waxing step. The 

25 higher the cumulative pore volume, the lower the impact 
strength. 

Apart from the above test sheets honeycomb structures were pro- 
duced as shown in Fig. 6. In this case the moulding compound, 

30 produced by means of a twin- screw- extruder , were processed di- 
rectly to the honeycomb structures. The shaping (moulding) pro- 
cess was carried out on a single- screw-extruder from Dr. Collin 
GmbH with a screw diameter of 30 mm and a screw speed 30 l/min. 
The cylinder cabinets temperatures of the extruder were 275oc 

35 and the honeycomb extrusion die temperature 280«»C. The in that 
kind produced honeycomb structures had a channel width of 1.6 
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mm, a wall thickness of 0.8 ran and cross section of 30x3 0 mm^ . 
The cell density of these honeycomb structures is approximately 
100 cpsi (cells per square inch) . 



